Determinants of the phagosomal pH in neutrophils.
Phagosomes formed by neutrophils are much less acidic than those of other phagocytic cells. The defective acidification seen in neutrophils has been attributed to consumption of protons during the dismutation of superoxide, because a large, sustained acidification is unmasked when the cells are treated with inhibitors of the NADPH oxidase. Consumption of protons transported into the phagosome by dismutation would tightly couple the activities of the NADPH oxidase and the vacuolar type H(+)-pump (or V-ATPase). We tested the existence of the predicted coupling using microfluorimetry and digital imaging and found that the rate of superoxide generation was independent of the activity of the H(+)-pump. Moreover, we failed to detect the alkalinization predicted to develop through dismutation when the pump was inhibited. Instead, two other mechanisms were found to contribute to the inability of neutrophil phagosomes to acidify. First, the insertion of V-ATPases into the phagosomal membrane was found to be reduced when the oxidase is active. Second, the passive proton (equivalent) permeability of the phagosomal membrane increased when the oxidase was activated. The increased permeability cannot be entirely attributed to the conductive H(+) channels associated with the oxidase, since it is not eliminated by Zn(2+). We conclude that the NADPH oxidase controls the phagosomal pH by multiple mechanisms that include reduced proton delivery to the lumen, increased luminal proton consumption, and enhanced backflux (leak) into the cytosol.